Introduction
Major depression is the most common psychiatric disorder in patients with end-stage renal disease (ESRD), with an estimated prevalence ranging from 20 to 25% [1] . Depression is associated with a 30-48% increased risk of mortality in ESRD after adjustment for age, race, socioeconomic status, and medical comorbidities [2, 3] . Similarly, in patients with earlier stages of chronic kidney disease (CKD), depression is common [4, 5] and associated with adverse outcomes including hospitalizations [6, 7] , incident ESRD [6] , and cardiovascular [7] or all-cause death [8] . However, the mechanisms by which depression is associated with adverse renal outcomes are not well characterized.
Patients with diabetes are twice as likely to be depressed compared to their nondiabetic counterparts [9] . Comorbid depression with diabetes is associated with poorer glycemic control [10] , physical functioning [11] , and medi-cation adherence [11] [12] [13] . Furthermore, depression is associated with worse diabetes self-care including unhealthy diet and lack of exercise [11] [12] [13] . Since diabetes self-care is an essential component of diabetes management to prevent end-organ complications [14] [15] [16] [17] , poor self-care is a potential mechanism by which depression may be associated with CKD in this population, but this has not been examined in previous studies. The objective of this study was to assess the associations between major depression symptoms and CKD in an outpatient diabetic cohort and to determine whether these associations can be explained by differences in diabetes self-care.
Materials and Methods

Study Population
We performed a cross-sectional analysis of baseline data from the Pathways Study, which has been described previously [18, 19] . In brief, the Pathways Study is an epidemiologic survey of the prevalence and impact of depression on patients with diabetes at Group Health (GH), a large nonprofit health maintenance organization (HMO) in Washington and Idaho, USA. The study protocol was approved by the GH and University of Washington institutional review. 9,063 potential candidates for the study were identified from the GH diabetes registry of selected primary care clinics. Between 2001 and 2002, surveys were sent to these patients regarding demographics, diabetes history, and depression symptoms. 1,222 patients were ineligible for the study due to no diabetes, gestational diabetes, cognitive impairment, severe illness, deceased, disenrollment from GH, or language/hearing problems ( fig. 1 ). 4,839 of the 7,841 eligible patients (61.7%) returned the survey of which 4,467 (92.3%) gave permission to link survey results with GH automated data. The current study excluded subjects with baseline ESRD (n = 67), missing baseline creatinine (n = 679), or missing depression status (n = 11), leaving 4,082 total subjects.
Measurements
Depression symptoms were ascertained using the Patient Health Questionnaire-9 (PHQ-9), which has been used in patients with CKD [20, 21] . Based on our previous research which showed that over 70% of primary care patients with diabetes and PHQ-9 scores ≥ 10 were ill with depressive symptoms for at least 2 years [22] , we considered subjects with PHQ-9 scores ≥ 10, including a cardinal symptom of depression (depressed mood or anhedonia), to have probable major depression.
Sociodemographic information and diabetes history were selfreported on the baseline survey. Hypertension was identified by International Classification of Diseases, Ninth Revision diagnosis codes [23] . Body mass index (BMI) was calculated from self-reported height and weight. Laboratory test results were obtained from automated GH data. Given the high frequency of missing low-density lipoprotein (LDL) values (33.7%), multiple imputation for missing values (using age, sex, race/ethnicity, education, smoking, CKD stage, hypertension, hemoglobin A 1c , and BMI) was used for adjustment in regression models. Estimated glomerular filtration rate (eGFR) was estimated from CKD-EPI equations [24] .
Diabetes self-care was assessed using the modified Summary of Diabetes Self-Care Activities (SDSCA), a brief questionnaire that asks how many days per week an activity was performed [25] . Each self-care domain is given a score based on the average of two ques- ( table 1 ) . Scores range from 0 to 7 with higher scores indicating greater compliance with that activity. The SDSCA has been shown to be a reliable and valid measure of adherence to diabetes self-care in observational and interventional studies [26] .
Outcomes
Primary outcomes were differences by depression status in the baseline prevalence of impaired eGFR (<60 ml/min/1.73 m 2 ) or microalbuminuria (urine albumin to creatinine ratio (UACR) >30 mg/g).
Statistical Analyses
Statistical analyses were performed using Stata version 12 (StataCorp, College Station, Tex., USA). Significant differences were determined using independent t tests for continuous variables and χ 2 tests for categorical variables. Due to skewed distributions, medians for UACR and diabetes duration were compared using the Mann-Whitney test. Stepwise logistic regression models were used to determine associations between major depression and each outcome. Model 1 adjusted for demographic variables selected a priori (age, sex, and race/ethnicity) or on the basis of being a potential confounder due to its associations with the primary predictor and outcomes (marital status). Model 2 additionally adjusted for established traditional CKD risk factors (smoking, BMI, hemoglobin A 1c , and LDL); hypertension was not included as a covariate as this variable was based on ICD-9 codes only and could not discriminate between differing degrees of blood pressure control. Model 3 included the addition of self-care variables based on SDSCA scores. Interactions between depression, age, and sex were explored but were not significant (p > 0.05). Sensitivity analyses in the subset of subjects with type 2 diabetes yielded similar results as in the entire cohort, therefore results are presented for the whole cohort. Furthermore, linear regression models with eGFR as the primary outcome also yielded similar results to our original analyses.
Results
Pathways Cohort Characteristics
Of the 4,082 total subjects, 474 (11.6%) had symptoms of major depression. Depressive symptoms were associated with younger age, female sex, unmarried status, smoking, type 1 diabetes, obesity, higher mean hemoglobin A 1c (8.2 ± 1.7 vs. 7.8 ± 1.5%, p < 0.001), and higher PHQ-9 scores (17.2 ± 3.9 vs. 4.3 ± 3.8%, p < 0.001); there was no difference in LDL levels or prevalence of hypertension by depression status ( table 2 ) . Based on SDSCA scores, depressed subjects were less adherent with recommended diet (3.7 ± 2.1 vs. 4.8 ± 2.0 days/week of following a general diet, p < 0.001; 3.4 ± 1.6 vs. 4.0 ± 1.6 days/ week of following a specific diet, p < 0.001) and exercise (2.0 ± 2.0 vs. 2.8 ± 2.2 days/week, p < 0.001) than nondepressed subjects. There was no difference between groups in adherence to home blood glucose monitoring or foot care.
eGFR <60 ml/min/1.73 m 2
Although mean eGFR tended to be higher in subjects with major depression symptoms (76.7 ± 23.7 vs. 73.7 ± 22.0 ml/min/1.73 m 2 , p = 0.01), the proportion of subjects with eGFR <60 ml/min/1.73 m 2 was comparable between groups (24.5 vs. 27.9%, p = 0.1). There was no association between major depression symptoms and impaired eGFR <60 ml/min/1.73 m 2 in any of the logistic regression models ( table 3 ) . 
Discussion
The current study found that in this primary care cohort of predominantly type 2 diabetic subjects, depressive symptoms were associated with a greater prevalence of microalbuminuria, but not impaired eGFR <60 ml/ min/1.73 m 2 , after adjustment for traditional CKD risk factors. Furthermore, the association between depression symptoms and microalbuminuria persisted after adjustment for diabetes self-care activities, suggestive of other mediating pathways between depression and microalbuminuria besides diabetes self-care.
To our knowledge, this is the first study to evaluate the associations between major depression symptoms and CKD in a diabetic cohort. Our finding that depression symptoms are associated with microalbuminuria has not been previously reported, however other studies have established an association between depression and CKD based on impaired eGFR. Hedayati et al. [4] found a 21% point prevalence of major depression amongst veterans with eGFR <90 ml/min/1.73 m 2 . Similarly, the prevalence of at least moderate depressive symptoms was 26% amongst subjects with hypertensive CKD in the AfricanAmerican Study of Kidney Disease and Hypertension Cohort Study [5] . The Cardiovascular Health Study found that in their community-based cohort of elderly subjects, those with depressive symptoms had 19% greater odds of impaired eGFR (95% CI 1.01-1.40) compared to those without, after adjustment for demographics, clinical variables, and health behaviors [27] . Unlike the previous studies, we did not find that depression symptoms were associated with low eGFR, which may be related to the differing demographics between our community-based cohort and the other studies, or because of differences in the association between depression and diabetes-related CKD versus nondiabetic CKD.
Our study is also the first to examine the role of diabetes self-care as a potential mediator of depression and CKD. Diabetes self-care activities such as diet and exercise [15, 28, 29] , blood glucose monitoring [16] , and foot care [17] are associated with reductions in diabetes-related morbidity and mortality. Since depression is associated with poorer diabetes self-care [11] [12] [13] , this may be a mediator between depression and CKD; however our results suggest that this is not the only mechanism by which depression affects CKD risk since depression symptoms remained predictive of microalbuminuria even after adjustment for multiple diabetes self-care variables.
There are several potential mechanisms besides diabetes self-care by which depression may be associated with 111 CKD risk. Although we attempted to adjust for common cardiovascular risk factors, our models did not account for high blood pressure or medication nonadherence, both of which are known to be associated with depression [11] [12] [13] 30] . Depression is also associated with proinflammatory cytokines [31] and this proinflammatory state has been linked with an increased risk of diabetic complications including diabetic nephropathy [32] . Furthermore, depression is associated with hyperactivity of the hypothalamic-pituitary-adrenocortical axis and sympathetic nervous system, resulting in decreased insulin sensitivity [33] . Whether these biological mechanisms explain the link between depression and CKD in diabetes remains to be determined. The strengths of this study include its large sample size and the assessment of multiple clinical and diabetes self-care variables. However, there are several limitations of this study to consider. Depression was assessed by a self-rated questionnaire, which may overestimate the presence of depression compared to the clinical interview [1] . Due to the cross-sectional nature of this study, unmeasured or residual confounding remains an issue. As previously mentioned, we did not have blood pressure results; although we did have access to ICD-9 codes for hypertension, we could not differentiate between treated and untreated hypertension or well versus poorly controlled blood pressure. We used self-reported measures of diabetes self-care rather than objective measurements; although the SDSCA has been shown to be a reliable and valid measure of diabetes self-management [25] , there may be systematic differences in how depressed subjects report self-care compared to nondepressed subjects. Furthermore, incomplete capture of diabetes self-care may account for the lack of attenuation when adjusting for these variables. Finally, the direction of the association between depression and microalbuminuria cannot be determined by this study. Our assumption is that depression is a risk factor for microalbuminuria, however the association may be bidirectional or depression and microalbuminuria may be consequences of another factor; in that regard, a longitudinal study is needed to better characterize these relationships.
Conclusions
In this cross-sectional study of diabetic subjects from a primary care setting, major depression symptoms were associated with microalbuminuria, but not impaired eGFR. This association could not be explained by differences in diabetes self-care. Our results suggest that alternative behavioral or biological mechanisms may play a role in mediating the association between depression and microalbuminuria in this population.
